The bottom surface sediments at the southern part of the Jordanian coast of the Gulf of Aqaba have been studied. Samples were collected from 10 m depth at nine coastal stations which are located within two main zones: Marine Park Zone and Industrial Zone. Sedimentation rate, grain size oxygenation state, Loss on Ignition, hydrogen sulfide, calcium carbonate, total phosphorous, organic carbon, organic nitrogen, and heavy metals were analyzed to assess and evaluate the quality of bottom surface sediments. The sedimentation rate at the southern part of the Gulf has been affected by Khamassin winds from the south as a result of sand storm events in southern Jordan and adjacent regions. Floods and streams also played a vital role as a transportation agent of the sediments from the interstitial nearby areas to the Gulf. Also construction works played a minor role. Bottom surface sediments at the different sites were quite different in some chemical properties. Sediments from all stations other than the MSS were fine, gray-black and oxygen deficient. Sediments from the MSS and VC are whitish, better oxygenated and have higher calcium carbonate content since they are typically coral reef sediments coral reef sediments. Coral reef carbonate sediments are well known to have high organic nitrogen concentration as compared to silicate sediments, even those in close proximity. The concentration of phosphorous and calcium carbonate is attributed in the phosphate port to the phosphate by the generation of the dust and coral reef. Whilst, heavy metal concentration due to presence of major sources of metal pollution and intensive human activities. These include ship 
Introduction
The near shore marine ecosystem is a dynamic environment that has highly variable bottom sediment types, diverse biological habitats, and localized depositional and transport processes. It is impacted by many activities, such as fishing, recreation, housing, sewage and waste disposal, shipping, and preservation. In many cases, especially adjacent to major metropolitan and agricultural areas, the sediments are polluted and the ecosystem has suffered detrimental effects. An understanding of the mobility, transport rates, paths, and sinks of sedimentary particles and associated contaminants are necessary for predicting both the fate of substances that have been introduced into the ocean and any risk associated with their presence [1] [2] .
Bottom sediments of the marine ecosystem play an important role as a natural trap for diverse substances (including contaminants), natural regulatory of the processes that occur inside the seafloor and also constitute a source of nutrients for the water columns above them [3] [4] . The type of sediments is the main factor recognizing the oxygenation state of the bottom and interstitial waters, which controls the trophic structure [5] [6] [7] [8] .
Many authors have worked with sediments of the Red Sea, including those in the Gulf of Aqaba [7] - [28] . These studies focused on the texture, mineralogy, geochemistry, sedimentation rate, chemical composition and heavy metal content, ion transport in reef sediments and skeletal debris diversity and distribution.
The bottom sediments of the Gulf of Aqaba are loose, unconsolidated materials originating from marine living organisms (reefs, calcareous algae, fragmented solid biogenic material, skeletal remains) or from offshore land (fragmented rocks or fecal materials) which are transported to the gulf through wind, water runoff or floods [29] .
Coral reef sediments are generally loose and unconsolidated in nature. They are generated mainly from reef rock, calcareous algae, fragmented solid biogenic material, calcium carbonate skeletal remains such as foraminifers' tests and mollusk shells, beach rock fragments, fecal material produced by organisms which ingest sediments and terrigenous material driven from the surrounding land by winds or runoff.
This manuscript aims to study and evaluate the quality of coastal surface sediments of the Gulf of Aqaba in the southern Jordanian coast, and identifies its physiochemical characteristics by different means.
Study Area
The Gulf of Aqaba, located in southern Jordan representing the northern extension of the Red Sea, is a part of the Syrian-African rift system extending up to 6000 Km. The Gulf itself is about 180 Km long and 15 -25 Km wide and its floor is up to 1850 m deep [30] . The Jordanian coast of the Gulf of Aqaba is relatively small and extends for about 27 km along the northern eastern part of the Gulf. It represents the only marine access of Jordan where much of the sea related activities are focused. About 30% of the coastline is used for port activities and 7 km of the Jordanian coast have been declared as marine protected area (About 25% of the total coast area).
The Gulf of Aqaba lies in an arid climatic zone, i.e. mild in winter and hot in summer. In the summer months, typically lasting 6 months, the average temperature ranges between 30.6 and 32.1˚C and mean annual evaporation about 1.6 -1.8 m. Coastal summer maximums can be over 40˚C, while daily temperature in winter can drop to 10˚C. The mean annual participation is about 32 mm on the coast and 50 -100 mm inland which all fall between October and April [31] . The relative humidity at the shoreline of the Gulf ranges between 30 -55%. Sampling was confined to the upper 5 cm of the sediment layers. Upon returning to the lab, samples were rinsed with distilled water and dried to a constant weight at 60˚C in a well-ventilated oven. Samples were collected in duplicates from each station once a year. Sedimentation rate was measured using glass sediment traps with depth to neck opening diameter ratio of 3:1, deployed vertically 1m above sea bottom using metallic stands. The traps were retrieved and their contents dried and weighed monthly Organic carbon and grain size analysis were undertaken according to the methods described by Holm and Mcntyre (1971) [34] . Total phosphorus and organic nitrogen were measured as reactive phosphorus and ammonia, following Heavy metals were measured by using atomic absorption spectrophotometry, following nitric-perochloric acid digestion, according to the method described by Abu Hilal [26] .
Materials and Methods

Bottom
Results and Discussion
Sedimentation Rate in the Coastal Habitat
Available data from 2012 from the most important sites along the southern Jordanian coast were chosen for sedimentation rate monitoring. These monitoring The outcrops of southern Aqaba area comprised of Quaternary sediments deposited near the shoreline of the Gulf Aqaba. These sediments consist of red sandstone, Aqaba formation which consists of clays, sandstone, and conglomerate, uplifted fossil coral reefs and alluvium sediments and wadi sediments [35] [36] [37] .
These outcrops are located at the north-eastern mountains of the southern Jordanian coast of the Gulf; forming wadis and steep slopes. The bottom sediments of the Gulf and sedimentation rate are, undoubtly, influenced by the surface nearby sediments and originated from these sediments by wind, runoff and floods.
Total sedimentation rate at all sites showed similar values with average 2.07 ± . Higher values were recorded at Talabay inside (TBI) during some of the sampling events, which could be attributed to the nature of the substratum in the area. However, the lowest value was recorded at the IZ site.
Physicochemical Characteristics of Coastal Bottom Sediments
Color, Odor and Redox-Potential
Color and odor provide important information about the oxygenation state of the bottom sediments reflecting the biological productivity and the trophic structure. These, however, are subjective characteristics given in most cases descriptively. This study gives a weight to the sediment color that enables us to treat this characteristic objectively, especially for long term comparisons. Sediment natural color, either white or brown, is given a weight of zero. Natural to gray color is given (−0.5), gray to natural (−0.75), gray color is given (−1), gray to black is given (−1.5), black to gray (−1.75) and black is given (−2). The negative sign refers to poorer oxygenation.
There is an appropriate association between the two variables 
Loss on Ignition (LOI)
Loss on ignition has been carried out to understand the temporal and spatial changes of particulate organic carbon for understanding the course of the decomposition processes in coastal marine sediments and to estimate the sediment properties such as water content, organic matter, inorganic carbon and mineralogenic residue [38] tively higher values than other stations. However, ignition loss values here need to be interpreted with care. Coral reef calcium carbonate sediment tends to lose weight upon ignition due to carbonate partial decomposition and conversion to calcium oxide and lost as carbon dioxide. Sulfur also is an easily oxidizable metal by heat and if present will result in false high organic content.
Hydrogen Sulfide (H2S)
Hydrogen sulfide concentration (mg·kg −1 ) is shown in Figure 4 High organic nitrogen concentrations in coral reef sediments most likely result from deposition and sinking of living material [8] . Poor oxygenation associated with the black-gray color of the sediments at the stations TBI does not necessarily mean poor environmental conditions. In fact the bottom habitat in some of these stations is sea grass beds which are well known to extract oxygen for their metabolism from the surrounding sediments. 
Grain Size
Conclusions
The bottom surface sediments of the Gulf of Aqaba provide crucial data about the ecosystem state of the Gulf, due to their large storage capacity of organic matter. They are the main factor determining the oxygenation state of the bottom and interstitial waters, which in turn controls the trophic structure. The sedimentation rate at the southern part of the Gulf had been affected by Khamasin winds, which blows from the South as a result of sand storm events in southern Jordan and adjacent regions. Floods and streams also play a vital role as a transportation agent of sediments from the interstitial nearby areas to the Gulf. Also, in the TBI site it is affected by construction.
Dissolved reactive phosphate concentrations in the overlaying water were also reported to be significantly higher. Today's records show slightly higher sedimentation rates with no significant elevation in the dissolved reactive phosphate concentration as a result of wise management actions. The phosphate loading process has also been improved substantially by the use of chalk feeders and better training and the enhancing of environmental awareness of operators. This is probably the main reason for the decrease in sedimentation rate.
Coral reef supported the high concentration of calcium carbonate at the MSS site which is from a biological origin. Calcium carbonate shows a general distribution pattern parallel to that of phosphorus, which can be correlated and suggests a common important source of these elements. The phosphate port is close to the MSS site in its northern side, the percentage of phosphate at the phosphate port is at its highest along the Jordanian coastal part of the Gulf of Aqaba where a thick phosphate dust layer covers the original sediments. The dust layer can be transported by the current direction that is the dominant current direction at the southern part of Aqaba is south-southwestward.
The recognition of heavy metals in marine sediments, water and organisms is essential to identifying their environmental pollution, since these metals can be toxic even if they are present in trace amounts [42] . Earlier studies showed that short time variability in minor and trace constituents of bottom surface sediments, which counteract the persistence of regular patterns, is not uncommon. This is due to patchiness, instantaneous inputs especially in ports and industrial sites, rapid biogeochemical recycling and current and wave disturbances. Nevertheless heavy metals concentrations in the study sites were comparable to average concentrations recorded previously at different sites along the Jordanian coast [27] . The relatively high levels of heavy metals and Organic Carbon in the bottom surface sediments are mainly to be due to the presence of major sources of metal pollution and intensive human activities. These include shipping activities, domestic sewage discharges and phosphate rock particles from the phosphate port.
